where A and B are fit parameters. Supplementary Figure S1 shows the linewidths obtained with laser photons as strong signal field (grey dots) at different FFT resolutions using the same setup as in Fig. 1 of the main text. Comparing these measurements with linewidths obtained with QD photons (red dots) illustrates that the obtained mutual coherence is limited by the system response. In particular, spectral wandering does not lead to additional phase fluctuations and can therefore be neglected on the timescale of the integration time. In all heterodyning experiments the delay between signal and local oscillator beam due to beam path difference amounts to ~100 ns, which is small compared to the laser coherence time.
Supplementary Note 2
Photon waveform synthesis: temporal and spectral domain. In Supplementary Figure S2 we present supplementary data which complement the results presented in Fig. 2 of the main text, showing how the spectral and temporal properties of a laser are encoded on the single photons coherently emitted by the quantum dot. Here, the EOM is driven by a sine wave, as discussed above. The amplitude of the sine-wave determines the shape of the waveform and the height of the components in the laser spectrum while the driving frequency determines the separation of the spectral components. In Supplementary Fig. S2a , the waveform of the laser is similar to that displayed in Fig. 2a of the main text, but with a modulation of 500 MHz, while in Supplementary Fig. S2b , the waveform of the laser is identical to that in Fig. 2c of the main text. The corresponding laser spectra are displayed as blue circles, while the spectra of the QD photons are displayed in red circles. The detuning between the QD transition and the central frequency component of the laser is controlled by the gate bias voltage via the DC Stark effect.
As a guide to eye the QD scattering cross-section (grey shaded area) is superimposed to indicate the expected scaling of the laser spectral components for the QD photons.
In the weak excitation power limit the QD spectrum is expected to be a product of the input Finally, the effects of spectral wandering have to be included. The measurement time for the Fabry-Perot scans (10 3 s for the scans shown in Fig 2) is much longer than the time-scale on which spectral wandering occurs. Therefore, the spectrum of the QD is further broadened by 100 MHz due to long timescale (seconds) spectral wandering. The temporal profile of the QD photons is a convolution of the laser waveform and the response function of the QD.
Supplementary Figure S2c presents intensity-correlation measurements on QD photons for a range of EOM modulation frequencies. The periodic temporal pattern of the excitation laser is seen clearly for modulation frequencies within the bandwidth of the QD transition, while for high modulation frequencies the QD photons can not follow the temporal pattern of the laser and the oscillatory features in the intensity-correlation measurements wash out. We note that for all modulation frequencies the antibunched nature of the QD photons at zero time delay is preserved.
Supplementary Note 3
First-order interference in TPI measurements. Individual detection events on both avalanche photodiodes (APDs) at the output ports of the fibre beamsplitter are monitored throughout the correlation measurements. Time traces over 1200 s for the HOM TPI from Fig.   3 , main text, are shown in Supplementary Figure S4 . For photons with parallel polarisation (top panel) we observe first-order interference as the phase difference between both interferometer arms changes over time due to mechanical wandering and slight changes in ambient temperature. For the 1200-s data presented in Supplementary Fig. S4 this drift is monotonic.
While the rate of two-photon detection events depends on the product of intensities in each interferometer output and is modified by the presence of first-order interference, the process of TPI (coincidence detections around zero time delay) still takes place. The contrast of first-order interference quantifies the fraction of coherently scattered QD emission f c , which is f 0.92 c = for the data in Fig. 3 . The time traces of detection events for photons of orthogonal polarisation (bottom panel of Supplementary Fig. S4 ) stays roughly constant, as no interference occurs. For the purpose of data calibration the QD transition was periodically shifted out of resonance with respect to the exciting laser, so that the background counts due to detector dark counts and laser leakage were recorded. This is visible as sharp drops in intensity in Supplementary Fig. S4 . Care was taken to keep the background level below 1% in all measurements. 
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where D is the distinguishability of photon pairs. Experimentally we measure the fraction 
